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(54) Air bypass apparatus in fuel injection apparatus

(57)  Theinvention provides an air bypass apparatus
which can accurately supply an idle air amount without
being affected by pulsative pressure generated within an
intake passage in a state that an opening degree of an
air control valve is fixed. An air control hole (13) is open
ataside wall (12a) of a valve body guide hole (12) formed
in an air control valve main body (10), and an air inflow
hole (17) is open at a bottom portion. An air control valve
(21)isformedinaclosed-end tubular shape with a bottom
portion (21a) and a tube portion (21b), and arranged on
an outer periphery of a shaft portion (20b) of a slider (20),
and a lower end surface (21a2) of the bottom portion
(21a) is arranged in a contact manner via a closing mem-
ber (1) toward a locking piece portion (2) fixedly arranged
on an end portion of the shaft portion (20b) . An annular
gap (S2) formed by an inner periphery (21al) of the bot-
tom portion (21a) of the air control valve (21) and an outer
periphery (20d) of the shaft portion (20b) is closed by the
closing member (1) arranged in a contact manner on the
lower end surface (21a2) of the bottom portion (21a), and
cuts off communication between a space portion (25),
which is formed between an inner side of the tube portion
(21b) of the air control valve (21) and an outer periphery
of the shaft portion (20b) of the slider (20), and a lower
chamber (12g) of a valve body guide hole facing to the
bottom portion (21a) of the air control valve (21).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to a fuel injection
apparatus in which fuel within a fuel tank is boosted by
afuel pump, and the boosted fuel is injected and supplied
to an engine via a fuel injection valve, and more partic-
ularly to an air bypass apparatus supplying controlled
idle air into an intake passage at a downstream side of
a throttle valve while bypassing the throttle valve, at a
time of an idling operation of the engine and at a time of
an off-idle operation.

Description of the Conventional Art

[0002] A conventional air bypass apparatus is dis-
closed in PCT/JP2005/006560 and Japanese Patent Ap-
plication No. 2005-324824, a whole structure of the air
bypass apparatus is disclosed in PCT/JP2005/006560,
and alocking structure between a slider and an air control
valve is disclosed in Japanese Patent Application No.
2005-32482.

[0003] Astructure of an air bypass apparatus arranged
on the basis of PCT/JP2005/006560 is disclosed in Fig.
8, and will be explained by this drawing.

[0004] Reference numeral 10 denotes an air control
valve main body in which a motor insertion hole 11 and
a valve body guide hole 12 are continuously provided
from an upper end surface 10a toward a lower side. An
air control hole 13 is open to a side wall 12a of the valve
guide hole 12, and a downstream side of the air control
hole 13 is open so as to communicate with an inner side
of an intake passage 15 passing through a throttle body
14 and aninner side of an intake passage 15a at a down-
stream side of a throttle valve 16. On the other hand, an
airinflowhole 17 isopento a portion near a bottom portion
12b of the valve body guide hole 12, and an upstream
side of the air inflow hole 17 is open so as to communicate
with an inner side of an intake passage 15b at an up-
stream side of the throttle valve 16. (In the description
mentioned above, the upstream side and the down-
stream side are called in an air flow direction.)

[0005] In this case, the intake passage 15b at the up-
stream side communicate with an air cleaner (not shown)
by an air pipe, the intake passage 15a at the downstream
side communicate with an engine (not shown) by an in-
take pipe, and a fuel controlled by a fuel injection valve
(not shown) is injected and supplied into the intake pas-
sage 15 or the intake pipe.

[0006] Reference symbol M denotes a motor such as
a step motor or the like in which an output shaft Ma pro-
trudes toward a lower side. A motor case Mb formed by
a synthetic resin material is out molded in an outer pe-
riphery of the motor M, and a tube portion Mc surrounding
the output shaft Ma is formed in the motor case Mb so
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as to be open toward a lower side. Reference numeral
17 denotes a rotation suppressing member formed in a
tubular shape. A rotation suppressing groove 17b is pro-
vided in an inner peripheral wall 17a thereof in a vertical
direction in the drawing, and the rotation suppressing
member 17 is inserted into the tube portion Mc from a
lower opening of the tube portion Mc so as to be fixed.
For example, it is light pressure inserted.

[0007] In accordance with the structure mentioned
above, the rotation suppressing member 17 is fixedly ar-
ranged in aninner side of the tube portion Mc of the motor
case Mb provided with the motor M, and the output shaft
Ma is arranged in an inner side of the inner peripheral
wall 17a of the rotation suppressing member 17. The
motor case Mb is structured such that a U-shaped groove
of a tabular attaching member 18 is fitted to an inner side
of an annular groove Md provided in an outer periphery
of the tube portion Mc as well as a lower side of the tube
portion Mc is inserted into the motor insertion hole 11 of
the air control valve main body 10, and the attaching
member 18 is fixed by screw to the air control valve main
body 10 via a screw 19 as well as being arranged on an
upper end surface 10a of the air control valve main body
10 in a contact manner.

[0008] Reference numeral 20 denotes a slider
screwed to a male thread formed on an outer periphery
of the output shaft Ma. The slider 20 is formed by an
annular collar portion 20a and a shaft portion 20b pro-
truding toward a lower side from the annular collar portion
20a, and a protruding portion 20c inserted into the rota-
tion suppressing groove 17b of the rotation suppressing
member 17 is integrally formed at a part of an outer pe-
riphery of the annular collar portion 20a so as to protrude
sideward.

[0009] In accordance with the structure mentioned
above, when the output shaft Ma is rotated in synchro-
nization with the motor M, the rotation of the slider 20 is
suppressed by the protruding portion 20c and the rotation
suppressing groove 17b, whereby the slider 20 is moved
up and down in the drawing in correspondence to the
rotating direction of the motor M.

[0010] Reference numeral 21 denotes an air control
valve arranged within the valve body guide hole 12 so
as to be movable in a vertical direction, and is formed in
a closed-end tubular shape in which a tube portion 21b
is integrally formed from a bottom portion 21a toward an
upper side.

[0011] The air control valve 21 mentioned above is ar-
ranged so as to face to an outer periphery 20d of the
shaft portion 20b of the slider 20, and a bottom portion
21athereof is arranged on an E clip 22 fixedly arranged
so as to be fitted to a lower end of the shaft portion 20b
of the slider 20 in such a manner as to be brought into
contact by a spring 23. In other words, a contracted spring
23 is arranged in a space portion 25 formed between an
inner side of the tube portion 21b and the outer periphery
20d of the shaft portion 20b, one end 23a of the spring
23islockedto alower surface of the annular collar portion
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20a of the slider 20, and the other end 23b is locked to
the bottom portion 21a of the air control valve 21. Ac-
cordingly, the bottom portion 21a of the air control valve
21 is elastically held so as to be pressed toward the E
clip 22.

[0012] In accordance with the air bypass apparatus
structured as mentioned above, when the motor M in-
cluding the output shaft 13a is rotated in one direction,
the rotation of the slider 20 is suppressed by the rotation
suppressing groove 17b and the protruding portion 20c,
thereby being moved, for example, in a downward direc-
tion in the drawing. Further, since the air control valve 21
is also synchronously moved in the downward direction
on the basis of the downward movement of the slider 20,
it is possible to control an opening area of the air control
hole 13 in a reducing direction by the air control valve
21, and it is possible to regulate and control an amount
of idle air supplied to the intake passage 15a at the down-
stream side in the reducing direction.

[0013] Further, when the motor M including the output
shaft Ma is rotated in the other direction, the slider 20 is
moved in an upward direction in the drawing.

[0014] Further, since the air control valve 21 is also
synchronously moved in the upward direction on the ba-
sis of the upward movement of the slider 20, itis possible
to control the opening area of the air control hole 13 in
an increasing direction by the air control valve 21, and it
is possible to regulate and control the amount of the idle
air supplied to the intake passage 15a at the downstream
side in the increasing direction, whereby it is possible to
supply a desired amount of the idle air toward the engine.

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0015] Inaccordance with the conventional air bypass
apparatus mentioned above, it is hard to maintain repro-
ducibility of the idle air amount at an extremely high pre-
cision.

[0016] This is because of the following reasons. First,
a first annular gap S1 is formed between the outer pe-
riphery of the air control valve 21 and the valve body
guide hole 12, and a second annular gap S2 is formed
between an inner periphery 21al of a bottom portion 21a
of the air control valve 21 and the outer periphery 20d of
the shaft portion 20b of the slider 20.

[0017] In this case, the annular gaps S1 and S2 are
necessary for arranging the air control valve 21 in the
valve body guide hole 12 so as to be smoothly movable
while taking into consideration a manufacturing error and
an assembling error of the air control valve 21, the slider
20, the valve body guide hole 12 and the like.

[0018] Further, since the bottom portion 21a of the air
control valve 21 is arranged in a contact manner on the
E clip 22 fitted to the outer periphery 20d of the shaft
portion 20b of the slider 20 so as to be fixedly arranged,
the space portion 25 formed between the inner side of
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the tube portion 21b of the air control valve 21 and the
outer periphery 20d of the shaft portion 20b of the slider
20 communicates toward the bottom portion 12b of the
valve body guide hole 12 via the second annular gap S2,
and the notch grooves 22al, 22a2 and 22a3 formed in
the E clip 22.

[0019] The notch grooves 22al, 22a2 and 22a3 of the
E clip mentioned above are disclosed in Fig. 8, and a
hatched portion by a one-dot chain line in Fig. 9 corre-
sponds to a portion where the second annular gap S2
communicates with the notch grooves 22al, 22a2 and
22a3. The notch grooves 22al, 22a2 and 22a3 men-
tioned above are open so as to face to the bottom portion
12b of the valve body guide hole 12.

[0020] When the engine is operated in this case, pul-
sative pressure is generated within the intake passage
15, and the pulsative pressure is applied to the inner side
of the valve body guide hole 12 from the air inflow hole
17 and the bottom portion 12b. Further, the pulsative
pressure within the valve body guide hole 12 is applied
to the space portion 25 at the inner side of the air control
valve 21 from the notch grooves 22al, 22a2 and 22a3
of the E clip 22 via the second annular gap S2.

[0021] In accordance with the structure mentioned
above, there is a case that the air control valve 21 moves
to the side portion (a direction orthogonal to a longitudinal
axis X-X of the valve body guide hole 12) slightly in a
state in which the lower surface of the bottom portion 21a
is brought into contact with the upper end surface of the
E clip 22, whereby there is generated dispersion in the
set idle air amount even in a state in which the opening
degree ofthe air control valve 21 is held constant (a stroke
state in a vertical direction of the air control valve 21 is
constant).

[0022] In other words, if the air control valve 21 is
moved to a right side in Fig. 8, the gap Sla formed be-
tween the air control valve 21 and the valve body guide
hole 12 is reduced, at the side in which the air control
hole 13 is open. Accordingly, a resistance of an air flow
flowing into the air control hole 13 becomes large, and
the idle air amount controlled by the air control hole is
changed slightly toward reduction.

[0023] On the other hand, if the air control valve 21 is
moved to a left side, the gap Sla is increased. Accord-
ingly, the resistance of the air flow flowing into the air
control hole 13 becomes small, and the idle air amount
controlled by the air control hole 13 is changed slightly
toward increment.

[0024] Accordingly, there is generated dispersion in
the idle air amount controlled by the air control hole 13
even in the state in which the opening degree of the air
control valve 21 is set to the fixed opening degree, and
it is hard to reproduce the idle air amount at high preci-
sion.

[0025] Onthe other hand, in order to solve the problem
mentioned above, itis considered to increase dimension-
al accuracy of the valve body guide hole 12 and the air
control valve 21 and make the gaps S1 and S2 smaller.
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However, in this case, working man hours and assem-
bling man hours are largely increased so as to cause an
increase of the manufacturing cost.

[0026] Further, there is generated a problem such as
necessity to increase a maintenance frequency against
foreign materials making intrusion into the gap S1 be-
tween the air control valve 21 and the valve body guide
hole 12. Further, it is also considered to integrally form
the slider 20 and the air control valve 21. However, this
causes an increase of the manufacturing cost and is not
preferable.

[0027] The present invention is made by taking the
problem mentioned above into consideration, and an ob-
ject of the present invention is to provide an air bypass
apparatus which can accurately supply anidle airamount
without being affected by a pulsative pressure generated
within an intake passage in a state in which an opening
degree of an air control valve is fixed, and to provide an
air bypass apparatus having a high reproducibility of an
idle air amount.

Means for Solving the Problem

[0028] Inorderto achieve the object mentioned above,
in accordance with a first aspect of the present invention,
there is provided an air bypass apparatus in a fuel injec-
tion apparatus comprising:

a valve body guide hole provided in an air control
valve main body, in which an air control hole con-
nected to an intake passage at a downstream side
of a throttle valve is open at a side wall of the valve
body guide hole, and an air inflow hole connected to
an intake passage at an upstream side of the throttle
valve is open at a lower side of the valve body guide
hole;

a slider screwed to an output shaft of a motor M, in
which a linear movement along a longitudinal axis
ofthe valve body guide hole is allowed, and arotation
thereof is inhibited; and

an air control valve formed in a closed-end tubular
shape, in which an outer periphery in atubular shape
of the air control valve is arranged on a side wall of
the valve body guide hole with a gap, an inner pe-
riphery of a bottom portion of the air control valve is
arranged on an outer periphery of a shaft portion of
the slider with a gap, an inner side of the tube portion
is provided with a contracted spring, one end of which
is locked to the slider and the other end of which is
locked to the bottom portion, and a bottom portion
ofthe air control valve is arranged so as to be pressed
by a locking piece portion attached to the shaft por-
tion of the slider,

the opening of the air control hole being controlled
by the air control valve moving in correspondence
to the rotation of the motor M,

wherein a closing member closing an annular gap formed
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between the inner periphery of the bottom portion of the
air control valve and the outer periphery of the shaft por-
tion of the slider is arranged in a contact manner on a
lower end surface of the bottom portion of the air control
valve.

[0029] Further, in accordance with a second aspect of
the present invention, in addition to the first aspect, the
closing member is constituted by a flat washer, the flat
washer is arranged so as to be fitted on the outer periph-
ery of the shaft portion of the slider and is arranged in a
contact manner on the lower end surface of the bottom
portion of the air control valve by an E clip fixedly attached
to the lower end of the shaft portion, and the annular gap
is closed by an upper side surface of the flat washer.
[0030] Further, in accordance with a third aspect of the
presentinvention, in addition to the first aspect, a plurality
of the air control holes are open at positions on the side
wall in same height from a bottom portion of the valve
body guide hole, and each of the air control holes com-
municates with the intake passage at the downstream
side of the throttle valve in each of the throttle bodies
constituting a multiple throttle body system.

Effect of the Invention

[0031] In accordance with the first aspect of the
present invention, the annular gap formed between the
inner periphery of the bottom portion of the air control
valve and the outer periphery of the shaft portion of the
slider is closed by the closing member arranged in a con-
tact manner on the lower end surface of the bottom por-
tion of the air control valve.

[0032] In accordance with the structure mentioned
above, even if the pulsative pressure generated within
the intake passage is applied to the inner side of the
bottom portion of the valve body guide hole via the air
inflow hole, the pulsative pressure is not applied to the
space portion formed between the inner side of the tube
portion of the air control valve and the outer periphery of
the shaft portion of the slider via the gap.

[0033] Accordingly, the air control valve is not moved
in the direction orthogonal to the longitudinal axis of the
valve body guide hole, whereby it is possible to supply
the idle air accurately and with high reproducibility.
[0034] Further, since the closing member is arranged
on the lower end surface of the bottom portion of the air
control valve, the air control valve can be inserted in such
a manner as to be guided by the valve body guide hole
at a time of inserting the air control valve into the valve
body guide hole so as to assemble them. Accordingly,
an assembling characteristic of the air control valve into
the valve body guide hole is not obstructed.

[0035] Further, since the same gap as the conventional
gap can be used for the first gap between the outer pe-
riphery of the tube portion of the air control valve and the
valve body guide hole, and the second gap between the
inner periphery of the bottom portion of the air control
valve and the outer periphery of the shaft portion of the
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slider, the working man hours and the assembling man
hours are not increased.

[0036] Further, in accordance with the second aspect
of the present invention, since the flat washer is used as
the closing member, it is possible to inhibit an increase
of a part unit cost. Further, since the conventionally used
E clip is used as the locking piece portion, it is possible
to utilize the conventional part and the conventional fitting
jig, and it is possible to hold down an increase of the
manufacturing cost.

[0037] Further, since the flat washer is used, it is pos-
sible to reduce an increase of a length in the direction of
the longitudinal axis of the valve body guide hole, and it
is possible to obtain compatibility with the conventional
structure.

[0038] Further, in accordance with the third aspect of
the present invention, since a plurality of air control holes
are open at the side wall of the valve body guide hole,
and the gap between the valve body guide hole and the
outer periphery of the tube portion of the air control valve
is always held in the constant state, it is possible to pro-
vide the idle air particularly having high reproducibility
toward each of the intake passages of the multiple throttle
body system.

BRIEF EXPLANATION OF DRAWINGS

[0039]

Fig. 1 is a vertical sectional view of a main portion
showing a first embodiment of an air bypass appa-
ratus in a fuel injection apparatus in accordance with
the present invention;

Fig. 2 is an enlarged view of a portion Y in Fig. 1;
Fig. 3 is a cross sectional view of a main portion
along a line Z-Z in Fig. 1;

Fig. 4 is a vertical sectional view of a main portion
showing a second embodiment of a locking piece
portion in accordance with the present invention;
Fig. 5 is a vertical sectional view of a main portion
showing a third embodiment of the locking piece por-
tion in accordance with the present invention;

Fig. 6 is a vertical sectional view of a main portion
showing a fourth embodiment of the locking piece
portion in accordance with the present invention;
Fig. 7 is a vertical sectional view of a main portion
showing a second embodiment of the air bypass ap-
paratus in the fuel injection apparatus in accordance
with the present invention;

Fig. 8 is a vertical sectional view of a main portion
showing a conventional air bypass apparatus; and
Fig. 9 is a cross sectional view of a main portion in
aline J-Jin Fig. 8.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENT

[0040] A description will be given below of an embod-
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iment of an air bypass apparatus in a fuel injection ap-
paratus in accordance with the present invention with
reference to the accompanying drawings.

[0041] Fig. 1is a vertical sectional view of a main por-
tion, Fig. 2 is an enlarged view of a portion Y in Fig. 1,
and Fig. 3 is a cross sectional view along a line Z-Z in
Fig. 1.

[0042] In this case, the same reference numerals are
used in the same structural portions as in Fig. 8 and a
description thereof will be omitted.

[0043] Reference numeral 1 denotes a closing mem-
ber arranged between a locking piece portion 2 such as,
for example, an E clip fixedly attached to a lower end of
a shaft portion 20b of a slider 20, and a lower end surface
21a2 of a bottom portion 21a of an air control valve 21.
Specifically, the closing member 1 has a flat shape, and
is formed by an insertion hole 1a fitted on an outer pe-
riphery 20d of the shaft portion 20b with a small gap, an
upper side surface 1b formed as a flat surface brought
into contact with the lower end surface 21a2 of the bottom
portion 21a of the air control valve 21, and a lower side
surface 1c formed as a flat surface brought into contact
with an upper side surface 2a of the locking piece portion
2.

[0044] In accordance with the structure mentioned
above, the air control valve 21 is pressed in a downward
direction in the drawing by a spring 23, the lower end
surface 21a2 of the bottom portion 21a of the air control
valve 21 is brought into contact with the upper side sur-
face 1b of the closing member 1, and the lower side sur-
face 1c of the closing member 1 is elastically pressed to
the upper side surface 2a of the locking piece portion 2
so as to be arranged in a contact manner. In accordance
with the structure mentioned above, a second gap S2
formed between the inner periphery 21al of the bottom
portion 21a of the air control valve 21 and the outer pe-
riphery 20d of the shaft portion 20b of the slider 20 is
closed by the closing member 1.

[0045] In other words, communication between a
space portion 25, which is formed between an inner side
of the tube portion 21b of the air control valve 21 and the
outer periphery 20d of the shaft portion 20b of the slider
20, and a lower chamber 12g of the valve body guide
hole 12, which faces to the bottom portion 21a of the air
control valve 21 and includes the bottom portion 12b, is
cut off.

[0046] Inaccordance with the bypass apparatus of the
present invention, even when a pulsative pressure gen-
erated within an intake passage 15 is applied to the lower
chamber 12g of the valve body guide hole 12 via an air
inflow hole 17 during operation of an engine, the pulsation
pressure is shut off by the closing member 1. Accordingly,
the pulsative pressure is not applied to the space portion
25 formed between the inner side of the tube portion 21b
of the air control valve 21 and the outer periphery 20d of
the shaft portion 20b of the slider 20.

[0047] Fig.3showsastateinwhich the second annular
gap S2 shown by a one-dot chain line is closed by the
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closing member 1.

[0048] As mentioned above, since the closing member
1 prevents the pulsative pressure generated within the
intake passage 15 frombeing applied to the space portion
25, the air control valve 21 does not move in the direction
orthogonal to a longitudinal axis X-X of the valve body
guide hole 12, it is possible to always arrange the air
control valve 21 within the valve body guide hole 12 in
an initially set state, and it is possible to always hold a
gap Sla between the valve body guide hole 12 where
the air control hole 13 opens and the tube portion 21b of
the air control valve 21 facing thereto to be constant.
[0049] Accordingly, it is possible to accurately supply
the initially set idle air into the intake passage 15 through
the air control hole 13, and it is possible to obtain good
reproducibility.

[0050] Further, since the closing member 1is arranged
in a contact manner on the lower end surface 21a2 of
the bottom portion 21a of the air control valve 21, the air
control valve 21 can be inserted into the valve body guide
hole 12 in such a manner as to be guided by the valve
body guide hole 12 at a time of inserting the air control
valve 21 into the valve body guide hole 12. Accordingly,
an assembling characteristic of the air control valve 21
with respect to the valve body guide hole 12 is not ob-
structed.

[0051] Further, since the flat washer is used as the
closing member 1, and the E clip is used as the locking
piece portion 2, both of the flat washer and the E clip can
be generally available parts in the market, and it is pos-
sible to prevent a part cost from being increased.
[0052] Further, since the flat washer is arranged so as
to be fitted on the outer periphery 20d of the shaft portion
20b of the slider, and the E clip is fixedly attached to the
outer periphery of the lower end of the shaft portion 20b
of the slider, it is possible to utilize the conventional E
clip fitting jig as it is, and it is possible to prevent an as-
sembling cost from being increased.

[0053] Further, since the flat washer is used, it is pos-
sible to prevent a length in the longitudinal axis direction
X-X ofthe valve body guide hole 12 from being increased.
[0054] In addition, other embodiments of the locking
piece portion 2 is shown in Figs. 4, 5 and 6. Fig. 4 shows
a structure in which a nut is used as the locking piece
portion 2, and the closing member 1 is screwed toward
a locking step portion 20g formed on the lower end of the
shaft portion 20b of the slider. Further, Fig. 5 shows a
structure in which a cap is used as the locking piece por-
tion 2 , and the cap is pressure inserted toward the lock-
ing step portion 20g of the shaft portion 20b of the slider.
Further, Fig. 6 shows a structure in which the lower end
surface of the shaft portion 20b of the slider is caulked
by rolling toward the locking step portion 20g.

[0055] Fig. 7 shows another embodiment in accord-
ance with the present invention, and a description will be
given of a different part from Fig. 1.

[0056] A plurality of air control holes are provided at
positions on the side wall 12a in same height from the
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bottom portion 12b of the valve body guide hole 12.
[0057] In the present embodiment, two holes are pro-
vided, a first air control hole 4a communicates with an
intake passage 7a atadownstream side of a throttle valve
6ain afirst throttle body 5a, and a second air control hole
4b communicates with an intake passage 7b at a down-
stream side of a throttle valve 6b in a second throttle body
5b.

[0058] In accordance with the structure mentioned
above, since the pulsative pressure generated within the
intake passage in the same manner as the first embod-
iment shown in Fig. 1 is prevented from moving forward
into the space portion 25 by the closing member 1, it is
possible to always hold a gap Sr between a right side
wall 21r of the air control valve 21 and the valve body
guide hole 12 where the first air control hole 4a opens,
and agap S1between aleft side wall 211 of the air control
valve 21 and the valve body guide hole 12 where the
second air control hole 4b opens, to be constant, whereby
it is possible to supply the idle air to each of the intake
passages 7a and 7b from the first air control hole 4a and
the second air control hole 4b accurately and with high
reproducibility. The structure is particularly preferable as
an air bypass apparatus in a multiple throttle body sys-
tem.

Claims

1. Anair bypass apparatus in a fuel injection apparatus
comprising:

a valve body guide hole (12) provided in an air
control valve main body (10), in which an air con-
trol hole (13) connected to an intake passage
(15a) at a downstream side of a throttle valve
(16) is open at a side wall (12a) of the valve body
guide hole (12), and an air inflow hole (17) con-
nected to an intake passage (15b) at an up-
stream side of the throttle valve (16) is open at
a lower side of the valve body guide hole (12);
a slider (20) screwed to an output shaft (Ma) of
a motor (M), in which a linear movement along
a longitudinal axis (X-X) of the valve body guide
hole (12) is allowed, and a rotation thereof is
inhibited; and

an air control valve (21) formed in a closed-end
tubular shape, in which an outer periphery in a
tubular shape (21b) of the air control valve (21)
is arranged on a side wall (12a) of the valve body
guide hole (12) with a gap (S1), an inner periph-
ery (21al) of a bottom portion (21a) of the air
control valve (21) is arranged on an outer pe-
riphery (20d) of a shaft portion (20b) of the slider
(20) with a gap (S2), and an inner side of the
tube portion (21b) is provided with a contracted
spring (23), one end (23a) of which is locked to
the slider (20) and the other end (23b) of which



11 EP 1911950 A2

is locked to the bottom portion (21a), and a bot-
tom portion (21a) of the air control valve (21) is
arranged so as to be pressed by a locking piece
portion attached to the shaft portion (20b) of the
slider (20),

the opening of the air control hole (13) being
controlled by the air control valve (21) moving
in correspondence to the rotation of the motor

(M),

wherein a closing member (1) closing an annular gap
(S2) formed between the inner periphery (21al) of
the bottom portion (21a) of the air control valve (21)
and the outer periphery (20d) of the shaft portion
(20b) of the slider (20) is arranged in a contact man-
ner on a lower end surface (21a2) of the bottom por-
tion (21a) of the air control valve (21).

An air bypass apparatus in a fuel injection apparatus
as claimed in claim 1, wherein said closing member
is constituted by a flat washer, the flat washer is ar-
ranged so as to be fitted on the outer periphery (20d)
of the shaft portion (20b) of the slider (20) and is
arranged in a contact manner on the lower end sur-
face (21a2) of the bottom portion (21a) of the air con-
trol valve (21) by an E clip fixedly attached to the
lower end of the shaft portion (20b), and said annular
gap is closed by an upper side surface of the flat
washer.

An air bypass apparatus in a fuel injection apparatus
as claimed in claim 1, wherein a plurality of said air
control holes are open at positions on the side wall
(12a) in same height from a bottom portion (12b) of
the valve body guide hole (12), and each of the air
control holes (4a, 4b) communicates with the intake
passage (7a, 7b) at the downstream side of the throt-
tle valve (6a, 6b) in each of the throttle bodies (5a,
5b) constituting a multiple throttle body system.
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